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EXECUTIVE SUMMARY
A. Introduction

This report reviews and evaluates the outcomes of the ERCOT wholesale electricity markets in
2010, and is submitted to the Public Utility
Reliabil ity Counc.irsuamtbthelreguiransent(nfSectot I LE1%(h) of u

the Public Utility Regulatory Act. It includes assessments of the incentives provided by the

current market rules and procedures, and analyses of the conduct of market participants. This
report also assses the effectiveness of the scarcity pricing mechanism pursuant to the

provisions of PUCT Substantive Rule 25.505(g).

The market outcometuring the eleven months of zonal market operatid2010 were

generallysimilar to thosen 2009 The highlight d 2010 was the much anticipated

i mpl ementation of ERCOT6s nodal mar ket on Dec
contained in this report is for the eleven months of zonal market operation, while others cover

the entire year, including the one month oflalooperation.

C The ERCOTwide loadweighted average balancing energy price was $39.40 per MWh in
2010 compeed to $34.03 per MWh in 2009,1& percent increase. The natural gas price
also increased 16 percent in 2010, averaging $4.34 per MMBtu in 261faoed to
$3.74 per MMBtu in 2009.

C The ERCOT total load in 2010 was fércenthigher than 2009. Peak load
requirements increased by &rcent setting a new all time systemourly peak of
65,776 MW on August23.

C Even withcoal and wind unitbeing adde@nd aditional lessefficient gas units retired,
approximately ondalf of the installedjeneratiorcapacity isnatural gas fueledDespite
this continued large contribution to the overall capacity portfolio, natural gas contribution

to total energy productiois declining,as shown irFigure24.

C Slight improvementn scarcity pricing results was obsenae totradeoffs made
between the daghead load forecast error ané tuantity of norspiming reserves

procured and the appropriate pricing of energy at times whespioning reserves are
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deployed. Howevenmye stll find the reliance upon highpriced offers submitted by

participants to be insufficient to ensure appiater pricing during shortage intervals.

C Continuedow naturalgas prices anscarcity pricingdeficiencies contributed taet
revenuesas shown irFigure33, thatwere insufficient to support new generation

investmenfor any generation technology in any region of the ERCOT market

C Occurrencesf congestiorbetween the west and north zones increased in @04 6o
moreinstalledwind generatiorexporing from the west zoneTherewere fewer
occurrencesf congestion across the south to north and nortbuthsnterfacesn 2010
due toreduced transmissiarutages and some additional transmission capacity.

Congestion acrogke rorth to Houstonnterfaee was comparable to 2009

C As summarized iffigure49, payments fordcal congestiomanagement during 2010
were the lowest ithe pasfour years.

C The ERCOTzonalwholesale market performed competitively in 2010, with the
competitive performance measures, summarizédgare54 andFigure58, continuing a

trend of improved competitiveness over the gaseralyears.

Inaddi tion to these key findings, the report g
zonal market design resettin systemic inefficiencies. We are optimistic that the nodal market

will bring about much anticipated and expected improvements.
Two of the expected benefit®m the nodal markdtave beemmmediatelyobserved:

C Improved management of transmission asigpn was evident fromven prior to full
nodal market implementatiorFigure43 demonstratetheimproved utilization of the
West to North interface observed dgrimarket trialsan increase from 6dercento

83 percent

C More frequent energy deployment instructiamsl reduced quantities of regulation
capacity procuredesulted irregulationcapacitycosts being reduced bg.$ million

during the first month of operation of tihedal market.
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B. Review of Market Outcomes

ERCOT averagedlancing energy market pricegerel6 percent highen 2010than in 200,

with an ERCOTwide loadweighted average price of $39.40 per MWh in 2010 compared to
$34.03 per MWHhn 2009. February and August experienced the highest balancing energy
market price increases in 2010, averaging 83 percent higher than the prices in the same months
in 2009. Natural gas price increased 16 percent in 2010, averaging $4.34 per MMBiQ in 20
compared to $3.74 per MMBtu in 2009. Hence, the changes in energy prices from 2009 to 2010

were largely a function of natural gas price movements.

Average All-in Price for Electricity in ERCOT
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The figure abovéndicates that natural gas prices wepgieary driver of the trends in
electricity prices from 20Dto 201Q Again, tis is not surprisig given that natural gas is a
widely-usedfuel for the production of electricityyn ERCOT, especially among generating units
that most frequently set thmlancing energy market pricesthe zonal market or locational

marginal prices in the nodal market
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The largest component of the-allcosts is the energy costs, which are reflected by the prices in
the balancing energy market (or locational margmedes). Under the zonal market desidre, t
balancing energy market is the spot market for electricity in ERCOT. As is typical in other
wholesale markets, only a small share of the power produced in ERCOT is transacted in the spot

market although at tiras such transactions can exceed 10 percent of total derAithdugh

most power is purchased through bilateral forward contracts, outcomes in the balancing energy

market are very important because of the expected pricing relationship between spot artd forw

markets (including bilateral markets).

The following figure shows the hourly average price duration curve for each of the four ERCOT

zones in 2010 and that the Houston, Noaatid South Zones had similar prices over the majority

of hours.
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The price duration curve for the West Zone is generally lower than all other zones, with over

900hours when the average hourly price was less than zero. These zonal price differences are

Zonal Price Duration Curves

Frequency of Prices
<$0 $0-$50 $50-$100 $100-$200 > $200

Houston 27 7824 667 156 86

North 27 7840 658 153 82

South 123 7724 670 158 85

West 966 6928 637 154 75
— Houston
— North
— South

\ —West | |
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Number of Hours

caused by transmission congestias discusskin more detail in Section IIl.
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Average zonal prices for balancing enefgry2007through2010 are shown below:

Average Balancing Market Prices

2007 2008 2009 2010
ERCOT $56.35 $77.19 $34.03 $39.40
Houston $57.05 $82.95 $34.76 $39.98
North $56.21 $71.19 $32.28 $40.72
South $56.38 $85.31 $37.13 $40.56
West $54.27 $57.76 $27.18 $33.76

The following figureshows the average quantitiesupfbalancing andlownbalancing energy
sold by suppliers in each month, along with rile¢ purchases or sales( up balancing energy

minusdownbalancing energy).
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average quantity afown balancing energy was greater than the quantity of up balancing energy.

As discussed in Section this trend igelated to théargeincreasen wind generation capacity
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added to the ERCOT region since the fall of 2008 and the associated schpditéngs of these

resources.

The following figureshows the monthly total ancillary service costs per MWh of ERCOT load
and the average balancing energy price for 2007 through 2010.

Ancillary Service Costs per MWh of Load
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This figureshows that total amillary service costs are generally correlated with balancing energy
price movements, which, as previously discussed, are highly correlated with natural gas price
movements. The average ancillary service cost per MWh of load increasedatpeINAVh in
2010 compared to $1.15 per MWh in 2009, an increase of 10 percent. Total ancillary service
costs were equal to38and 3.2 percent of the loadeighted average energy price in 2009 and
2010, respectively.

C. Demand and Resource Adequacy

Thefigure belowshows peak load and average load in each of the ERCOT zones fréno 200
2010. The North Zone is the largest zone (al&Ripercent of the total ERCOT load); the South
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and Houston Zones are comparable (with aB@ytercent)while the West Zones the sméest

(with about7 percent of the total ERCOT load).

Annual Load Statistics by Zone

30

Change in Real-Time Load (2009 to 2010)
Peak Average
ERCOT 3.7% 3.5%
25 —{Houston -1.1% 2.9%
North 2.4% 3.4%
South 2.4% 1.0%
West 22.1% 18.7%

20

Annual Peak

Load (GW)
&

10 - Annual Averagep

2007 2008| 2009| 2010

Houston

Overall, the ERCOT total load increased from 308,278 GWh in 2009 to 319,239 GWh, an
increase of 3.5 percent, or an average of 1250 MW every Ater ERCOT coinciderpieak
demand increased from 63,48 in 2009 to 65,782 MW in 2010 (2382W), an increase of
3.7 percent.

To provide a more detailed analysis of load at the hourly léwefollowing figurecompares

load duration curves for each year from 208 2010. A load duration curve shows the number
of hours (shown on thieorizontalaxis) that load exceeds a particular level (shown onéhtecal
axis). ERCOT has a fairly smooth load duration curve, typical of most electricity mavkbts,
low to moderatelectricity demandh most hoursandpeak demand usually occurring during the

lateafternoon and early evening hours of days with exceptionally high temperatures.
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ERCOT Load Duration Curve 7 All Hours
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55 | 2007 6660 2017 454
2008 6593 2147 760
2009 6311 2038 761
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As shownabove the load duration curve for 20is higher than in 2009 and is consistent with
the lbadincrease of 3.5 percefrom 20(® to 2010.

Increasing levels of wind resource in ERCOT also has important implications for the net load
duration curve faced by the navind fleet of resources. Netdd is defined as the system load
minus wind productionThe following figureshows the net load duration curves for 2007
through 2010, with projected values for 2015 based on ERCOT data from its Competitive

Renewable Energy Zones assessment.
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Net Load Duration Curves
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Over 90percent of the wind resources in the ERCOT region are located in West Texas, and the

wind profiles in this area are such that most of the wind production occurs durpepfhours

or other times of relatively low system demand.isTgrofile results in only modest reductions of

the net load relative to the actual load during the hours of highest demand, but much more

significant reductions in the net load relative to the actual load in the other hours of the year.

The projection fo 2015 indicates that the trend shown from 2007 to 2010 is expected to continue

and amplify with the addition of significant new wind resources and the reduction in the

curtailment of existing wind resources after completion of new transmission facilities.
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The figure belowshows the installed generating capacity by type in each of the ERCOT zones.
With the exception of the wind resources in the West Zone and the nuclear resources in the

North andHoustonZones, the mix of generating capacity is relagiuatiform in ERCOT.

Installed Capacity by Technology for each Zone

35 105
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30 — O Other 90
®Hydro
Owind
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o
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215 45 5
g O
[ ad
) L
10 [ 30
5 15
0 T T T i T T O
Houston North South West ERCOT
Notable changes to ERCOTO6s installed generat.i

units increasing their percentage shares, while several less efficient natural gas fteledran
mothballed or retired. Even after these changes natural gas generation accounts for

approximately 5@ercent of the installed capacity in ERCOT.

The figure belowshows the wind production and local and zonal curtailment quantities for the
West Zae for each month of 2009 and 2010. This figure reveals that the quantity of zonal
curtailments for wind resources in the West Zone was increased fro@W42n 2009 to over
785 GWh in 2010, while the quantity of local curtailments decreased from d@& GWh in

2009 to 1,068 GWh in 2010.
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West Zone Wind Production and Curtailment
3,000,000

mwind production = |ocal curtaiiment = zonal curtailment

2,500,000

The following figureshows the results of the net revenue analysis for four types ofru@i9

and 2010 These are: (a) a gas combiwdle, (b) a combustion turbing) a coal unit, and (d)

a nuclear unit. For the géised technologies, net revenue is calculated by assuming the unit will
produce energy in any hour for which it is profitable and by assuming it will be available to sell
reserves and regulation in otheurs that it is availablé.€¢., when it is noexperiencing a

planned or forced outage). For coal and nuclear technologies, net revenue is calculated by
assuming that the unit will produce at full output. The energy net revenues are computed based
on the balancing energy price in each hour. Although most supplarid receive the bulk of

their revenues through bilateral contracts, the spot prices produced in the balancing energy
market should drive the bilateral energy prices over inteare appropriate to use for this

evaluation

Although some units willlso receive a substantial amount of revenue through uplift payments
(i.e., Outof-Merit Energy, Ouof-Merit Capacity, and Reliability Must Run paymenth)s

source of revenue is not considered in this analysis. The analysis also includes simplifying
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assmptions that can lead to ovestimates of the profitability of operating in the wholesale
market. The following factors are not explicitly accounted for in the net revenue analysis:

(i) startup costs, which can be significant; and (ii) minimum runnimgs and ramp restriction,
which can prevent the natural gas generators from profiting during brief price spikes. Despite

these limitations, the net revenue analysis provides a useful summary of signals for investment in
the wholesale market.

Estimated Net Revenue
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The analysishows thathe net revenugenerally increased 2010 compared t@ach zonén

2009. Based on our estimates of investment costs for new units, the net revenue required to
satisfy the annual fixed costs (including capital dagycosts) of a new gas turbine urdhges
from $80to $105per kWryear The estimated net revenue in@or a new gas turbineas
approximately $45 per KWear. For a new combined cycle unit, the estimated net revenue
requirement is approximate$i (6 to $135 per k\Wyear. The estimated net revenue in 2010 for

a new combined cycle unit was approximately $70 penj@at. These values indicate that the
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estimated net revenue in 2010 was well below the levels required to support new entry for a new

gas tirbine or a combined cycle unit in the ERCOT region.

Prior to 2005 net revenues were well below the levels necessary to justify new investment in
coal and nuclear generation. However, high natural gas phnicesggh 200&llowed energy

prices to remaimt levels high enougio support new entry for these technologiébe

production costs of coal and nuclear units did not change significantly over this period, leading
to a dramatic rise in net revenuéat view has now changed with the relativelyéo natural

gas prices experienced in 2009 and 2086r a newcoalunit, the estimated net revenue
requirement is approximate$210to $270per kWtyear. The estimated net revenue in 2010 for
a new coal unit was approximately $105 per-k@ér. For a ng nuclear unit, the estimated net
revenue requirement is approximat®®80 to $390 per kWwear The estimated net revenue in
2010 for a new nuclear unit was approximately $221 petyk@f. These values indicate that the
estimated net revenue for either a new coal or a nuclear unit in ERCOT was well below the

levels required to support new entnyd010.

Although estimated net revenue once again is below levels to support new investment, the nodal
market design will have an effect on the profitability of new resources. In a particular location,
nodal prices could be higher or lower than the grioghe current market depending on the

pattern of congestion.

The arcity PriciPMg) Meéefhiamed m f ABubl ic Util it
(APUCGIBBT)R. 25505 ncl udes a provision termed the
designed to masure the annual net revenue of a hypothetical peaking unit. Under the rule, if the
PNM for a year reaches a cumulative total of $175,000 per MW, the systenoffer cap is

then reduced to the higher of $500 per MWh or 50 times the daily gas prige iflde

following figure shows the cumulative PNM results for each year from 2007 through 2010. As
previously notedthe net revenue required to satisfy the annual fixed costs (including capital
carrying costs) of a new gas turbine unit is approximat@it® $105 per kWyear(i.e., $80,000

to $105,000 per M\Wyear).
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Peaker Net Margin
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Thus, as showaboveand consistent with the previous findings in this section relating to net
revenue, the PNM reached the level sufficient for new entry in only cihe ddist four years. In

2008, the peaker net margin and net revenue values rose substantially, surpassing the level
required to support new peaker entry. However, a significant portion of the net revenue increase
in 2008 was associated wigthspecific acumstance oéxtremely inefficient transmission

congestion management and inefficient pricing mechanisms associated with the deployment of
non-spinning reserves. Both of these issues were corrected in the zonal market and were further
improved with themplementation of the nodal market in late 2010. With these issues

addressed, the peaker net margin dropped substantially in 2009 and 2010.

In our review of the effectiveness of the SPM in 2010 we ingpeovement in two a&as of
concernraisedlastyed 1) bi as i mhekdedd @ecasand(pagpropriate energy
pricing during the deployment of nespiming reserves. However, we found the dependence
upon market participants to submit offers at or near the offer cap to noelebée mears of

producing scarcity pricing during shortage conditions under the zonal market design.
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1. ERCOT Day-Ahead Load Forecast Error

ERCOTO6s zonal mar ket | ralcebhdiRépaseménhResewveSEmwvieet i on o0
(ARPRSO0) mar ket t hthat adeqsate dapaxity 3 availdbletorotheesystenuto e

meet reliability criteria for each hour of the following operating day. This includes an

assessment of the capacity necessary to meet forecast demand and operating reserve

requirements, as well as capggecequiredto resolve transmission constraints.

A key input to the RPRS market is the dayead load forecast developed by ERCOT. If the
day-ahead load forecast is significantly below actual load and no subsequent actions are taken,
ERCOT may run the sk of there not being enough generating capacity online to meet reliability
criteria in realtime. In contrast, if the daghead load forecast is significantly higher than actual

load, the outcome may be an inefficient commitment of excess online capaeitime.

The figure belowshows the daghead load forecast error data for 2007 through 2010 with the
average megawatt error displayed for each month in four hour blocks (hours ending). This figure
shows a change of pattern framgnificantoverforecastingluring peak load houts much

smaller errorsn 2010.

Average DayAhead Load Forecast Error by Month and Hour Blocks
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The 2010 ERCOT ancillary service procurement methodologies was modified to adjust the
ERCOT dayahead load forecast to account for the historically measured net load forecast bias,
and to compensate for this adjustment by increasing the quantity-spmomng reserves
procured. The revised procedures went into effeciamuary2010and the effecis clearly

observable in the data shown in the figure above when compared 2010 to the three prior years

2. Appropriate energy pricing during deployment of Non-Spin

The following improvements related to the deployment and pricing eEpoming reserves

were implemented in May 2009:

e Eliminate the previousx poste-pricing provisions to provide fax antepricing during
non-spinning reserve deployments, therg@bogviding more pricing certainty for resources
and loads and significantly reducing the probabilitgxfosiscarcity level prices during
nonscarcity conditions;

e Allow quick start units providing neapinning reserves to offer in the balancing energy
maket at a markebased price reflecting the cost and risks of starting and deploying
these resources; and

e Reduce the probability of transitional shortages by providing more timely access to these
reserves through the balancing energy market instead ofaingmerator deployments.

With the increaseduantityof nonspinning reserves being procured in 2010, the increased
efficiencies in market operations and pricing during the deployment e$pianing reserves

became even more important.

Although the impémentation of the nodal market has significantly increased market efficiencies

in a number of areas, including the mawe fiveminute rather than fifteeminute energy

dispatch, thenitial implementatioriackedan efficient economic commitment mechamitor

resources such as offline gas turbines and other resources that are not immediately dispatchable
in the fiveminute energy dispatch. The current mechanisms result in prices that are

inefficiently low because they are not representative of the asstgiated with starting and

running the gas turbines that are being deployed to meet demand.

As previously recommended,hi s defi ciency in ERCOTO6s nodal
addressed by implementing an additiomaérgymarketfi | o o k funttieraity t produce a

projected unit dispatch with energy and ancillary servicesptionized. This additional
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functionality represents a major change to ERCOT systems, which may not be able to be
implemented foseveralyears. However, because the markeefficiencies associated with the
current mechanisms are significant, we recommend that an interim solution be pursued that can
be implemented in the near term that will more reasonably reflect the marginal costs of the

actions being taken when ngpinnirg reserves are deployadd necessarnyp meet demand

3. Dependence on HigkPriced Offers by Market Participants

As a general principle, competitive and efficient market prices should be consistent with the

marginal cost of the marginal action takento $atis t he mar ket 6 s demand.

of hours, the marginal cost of the marginal action is that associated with the dispatch of the last
generator required to meet demand. It is appropriate and efficient in these hours for this

gener atohetpriiceto However, this is not true
system is in shortage, the demand for energynaindnumoperating reserves cannot be satisfied

with the available resources, which will cause the system operator to take one af the

following actions

e Sacrifice a portion of the operating reserves by dispatching them for energy;
e Voluntarily curtail load through emergency demand response programs;
e Curtail exports or make emergency imports; or

e Involuntarily curtail load.

A market design that adheres to the pricing principles stated above will set prices that reflect
each of these actions. When the market is in shortage, the marginal action taken by the system
operator is generally to not satisfy operating reserves require(hentgispatching reserves for
energy). Diminished operating reserves results in diminished reliability, which has a real cost to
electricity consumers. In this case, the value of the foregone resemmsh is much higher

than the marginal cost oféhmost expensive online generatahould be reflected in energy

prices to achieve efficient economic signals governing investment in generation, demand

responsgand transmission.

Under the PUCT rules governing the eneogyy market, the mechanism that allows for such
pricing during shortage conditions relies upon the submission ofpigeéd offers by small

market participants.
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Balancing Energy Market Prices during Shortage Inervals

$2,500
X 2010
02009 > o0
$2,000 | °20%8
42007
$1,500 oco AAAAN
ey
=
=
&
A
$1,000 SRR
A
o oo R Number of 1minuteinterval =35,0¢
ﬁzzm AN umper o inuteintervals peryear
)0 .=
0 10 20 30 40 50 60 70 80 90 100

Number of 15-minute intervals

The figure aboveshows the balancing market clearing prices duttieg 5-minute shortage
intervalsfrom 2007 through November 201The 66 shortage intervdisr the first eleven

months 0f2010 are significantly fewer than the 188 103 shortge intervals that occurred in

2007 and 2008, respectivelyyt more than the 4ihtervals that occurred in 2009Although

each of the data points ihe figure aboveepresents system conditions in which the market was
in shortage, the pricing outcome® avidely varied, with the majority of prices reflecting the
marginal offer of the most expensive generation resource dispatched as opposed to the value of
foregone operating reserveldad an offer been submitted that established the MCPE at the
systemwide offer cap in each of the 66 shortage intervals of zonal market operations, the 2010
annual peaker net margin would have increased from $52,491 to $p@)00®\-year, an

increase of over 50 percenthe associated increase in the annual-lwadhted aerage

balancing energy price would have been less significant, increasing from $39.40 to

$43.27perMWh, a 9.8percenincrease.
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These results indicate that relying exclusively upon the submission ephagu offers by

market participants was generally naedable means of producing efficient scarcity prices

during shortage condi t i olnfact, althodgh the IyFe@dT 6 s z ona
offer capwas$2,250 per MWh, the was only one interval in 2010 when an offer submitted by

a market participarset the clearing price at greater than $1000 per MWiere were only 451

hours (5.6 percent) with an offer that exceeded $1,000 per MWh, and the average of the highest
offers submitted by any market participaatross alhours in 2010 was $53ir MWh

More reliable and efficient shortage pricing could be achieved by establishing pricing rules that
automatically produce scarcity level prices when operating reserve shortages exist. Such an
approach would be more reliable because it would not be degeamnuEn the submission of
high-priced offers by small market participants to be effective. It would also be more efficient
during the greater than 99 percent of time in which shortage conditions do not exist because it
would not be necessary for markettpapants to effectively withhold lower cost resources by

offering relatively small quantities at prices dramatically higher than their marginal cost.

This type of mechanism is part of the nodal market design. At times when there is insufficient
capacity available to meet both energy andimumoperating reserve requirements, all

available capacity will be dispatched and the clearing price will riagoiredetermined manner

to a maximum of the systemide offer cap. During December 2010 there werel5 executions of
the security constrained economic dispatch (SCED) algorihat resulted in the systemide

energy clearing price being set at the systade offer cap. These 1SCED intervals

represented 3inutes spread overdettlement intervals.

D. Transmissionand Congestion

The nodal market provideanany improvements, including urgpecific offers and shift factors,
simultaneous resolution of all transmission congestion, actual output instead of stizesduale
dispatch, and-Bninute instead of Einute dispatch, among others. These changes shelgd

to increase the economic and reliable utilization of scarce transmission resources well beyond
that experienced in the zonal market, and in so doing, also dispatch the most efficient resources
available to reliably serve demanBarly indications ofhe improvement in constraiatilization

expected under the nodal market are evidetitarfigure belowwhich compares the utilization
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of the West to North constraint under the zonal and nodal markets. The difference in utilization

across similar founour periods is obvious. Using zonal market congestion management

techniques the average utilizatismas 64percenttcompared to 8percentunder the nodal

market. Although this is much too small a sample to draw definitive conclusions, the

improvement demonstrated kaxdwell for the improved transmission system utilization expected

to occur under the nodal market design.
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sum of the ERCOT load forecast plus operatirsginees in each hour) is procured through either
t he RPRS mar ket R P RS 0 ) RMRragreesient® @itk C .

certain generators needed for local reliabtitgt may otherwise be mothballed or retiréfhen

(AZonal

RMR units are called wt-of-merit, they receive revenues specified in the agreements rather than
standard OOME or OOMC payments. The following figure shows thefemierit energy and
capacity costs, including RMR costs, from 2@6 2010.

Expenses for Outof-Merit Capacity and Energy

$20 1

$10 1

$0

|
| AL |

80 -
$ @ Out-of-Merit Energy - Down Cost by (in Millions):
O Out-of-Merit Energy - Up Category 2007 2008 2009 2010
$70 1 B Out-of-Merit Capacity OOMIE - Down 549 578 596 §36
@Local RPRS OOME - Up $36 S34 519 513
B Zonal RPRS OOMC +Local RPRS  §51 559 s61 S46
Zonal RPRS S28 S26 §23 S3
ORMR
$60 1 RMR s33 s21 s3 s11
Total §197 217 s202 S129
(2]
3 $50
°
[a)]
©
™ $40
oy
Q
= $30 -

Jan-Feb

Mar -Apr
May-Jun
Jul-Aug
SepOct
Nov-Dec
Jan-Feb
Mar-Apr |
May-Jun
Jul-Aug
SepOct

2007 2008

Nov-Dec
May-Jun |

Jan-Feb
Mar -Apr

2009

Jul-Aug I

Sep-Oct

Nov-Dec
Jan-Feb .

May-Jun | |}
Jul-Aug

S
<
3
=

2010

SepOct I I

Nov [T

The results irthe figure abovehow that overall uplift cosfer RMR units, OOME units,
OOMC/ Local RPRS and Zonal RPRS units were $129 million in 2010, which7i83 mi#$ion

decrease over $202 million #009. Even taking into account thi&iere were only eleven

months, 2010 had the lowest zonal market uplift costs of the past four years. OOME Down and

RPRS costs accounted for the most significant portion of the reduction in 2010. OOME down

decreased from $96 million in 2009 to $56 millim 2010. This is primarily attributable to

decreases in OOME Down instructions for wind resources in the West Zone.
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E. Analysis of Competitive Performance

The report evaluates two aspects of market poyBErstructural indicators of market power and

(2) behavioral indicators that would signal attempts to exercise market power. The structural
analysis in this report focuses on ,identi fyin
when its generation sssentiato serve the ERCOT load and satifg ancillary services

requirements.

The pivotal supplier analysis indicates thatfileguency with which a supplier was pivotal in

the balancing energy market decreased in 2010 compared to 2009. The following figure shows

the rampconstrained balantig ener gy mar ket Resi dual Demand |
for 2005 through 20l10Wh en t he RDI i s greater than zero,
energy offers are necessary to prevent a shortage of offers in the balancing energy market.

Ramp-Constrained Balancing Energy Market RDI Duration Curve
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The frequency with which at least one supplier was pivotal in the balancing energy market
(i.e., an RDI greater than zero) has fallen consistently; from 29 and 21 percent of the hours in

2005 and 2006Ggespectively, to less than 11 percent of the hours in 2007 and 2008, to less than
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6 percent of the hours in 2009 and 2010. These results highlight the trend of continued
improvement in the structural competitiveness of the balancing energy market dast Hie

years.

A behavioral indicator that evaluatestential economic withholdinig measured by calculating
an 0out phevoutpgtagp isdefined as the quantity of energy that is not being produced
by in-service capacity even though thesimvice capacity is economic by a substantial margin
given the balancing energy price. A participant can economically withhold resources, as
measured by the output gap, by raisisdalancing energy offers so as not to be dispatched or

by not offering unsheduled energy in the balancing energy market.

The figure beloncompares the rediime load to the average incremental output gap for all
market participants as a percentage of thetnew system demand from 2005 through
November 2010.

Incremental Output Gap by Load Level
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The figureshows that the competitiveness of supplier offers improved considerably in 2006

compared to 2005, followed by even more substantial improvement in 2007 through 2010.
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Overall, the output gap measucksging the first eleven months of 20d@re canparable with

the levels in 2009with all theyears showingignificant improvement ovet005and 2006

In summarywe find that the ERCOZonalwholesale market performed competitively irl20
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l. ReEvVIEW OF MARKET OUTCOMES
A. Balancing Energy Market

1. Balancing EnergyPrices During 2010

AlthoughERCOT implemented itsighly anticipatedhodal market design on December 1, 2010
the bulk of our analysis reviews the performance and efficiency of the zonal market for the first
eleven months of 2010. Where appropriate we include comparahléod@tecember 2010.

Our firstanalysis evaluates the total cossapplying energy to sertead in the ERCOT

wholesale marketln addition to the costs of energy, loads incur costs associatedmeitlary
servicesanda variety of normarket basedxpenses we refer to &su p | Wé hawe calculated

an average alh price of electricity for ERCOT that is intended to refl@tiolesaleenergy costs

as well as these additional costs.

The components of the afl price of electricity include:

e Energy osts Balancing energy market prices are used to estimate energy costs, under
the assumption that the price of bilateral energy purchases converges with balancing
energy market prices over the letegm, agnore fullydiscussedbelow.

e Ancillary servicexosts Thesecostsare estimated based total systendemand and

prices in the ERCOT markets for regulation, responsive reserves, aisgpinamg

reserves.

e Uplift costs Uplift costs are assigned markeide on a loagtatio share basi® pay for
out-of-merit energy dispatch, caff-merit commitment, replacement reserve services and

Reliability Must Run contracts

Figurel shows the monthly averagd-in price for all of ERCOT from 200to 2010 and the

associated natural gas price

'Nodal market uplift costs only include the charges associated with additional Reliability Unit Comnahdeany
Reliability Must Run contracts.
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Figure 1: Average All-in Price for Electricity in ERCOT

$140 $14
= Ancillary Services
$120 I Uplift $12
= Energy
=s=Natural Gas Price —
/ E!
= $100 1 $10 m
= p=
= | =
3 2
;/— $80 it $8 &
3 8
2 o
Dz.‘ $60 = S $6 @
S ] il o
g E
) HHHHHHHHH
2 340 2
Z
$20 AHHHHHHHH
$0 , , Y
o > = f MG 299939508635
e
2007 2008 2009 2010

Figurel indicates that natural gas prices were a primary driver of the trends in electricity prices
from 2007 to 201Q Again, tis is not surprisig given that natural gas is a widelgedfuel for

the production of electricitihn ERCOT, especiallpmong generating units that most frequently
set the balancing energy market pricethe zonal market or locational marginal prices in the
nodal market

The largest component of the-allcosts is the energy costs, which are reflected by the prices in
the balancing energy mark@tr locational marginal priceslUnder the zonal market desighet
balancing energy market is the spot market for electricity in ERCOT. As is typical in other
wholesale markets, only a small share of the power producedGOERs transacted in the spot
market althoughat timessuch transactions caxceedlO percent of total demandilthough

most power is purchased through bilateral forward contracts, outcomes in the balancing energy
market are very important because @& éxpected pricing relationship between spot and forward
markets (including bilateral markets).
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Unless there are barriers prevegtarbitrageof the pricesdetweerthe spot and forward

markets, the prices in the forward market should be directly relatbe prices in the spot
market {.e., the spot prices and forward prices should converge over thedaopgHence,
artificially low prices in the balancing energy market will translate to artificlally forward

prices. Likewise, price spikes in thalancing energy market will increase prices in the forward

markets. This sectionevaluates andummarize balancing energy markgticesduring 2Q.0.

To summarize the price levels during the gast years Figure2 shows thenonthlyload
weighted average balancing energy market prices in each of the ERCOTaong20 and
2010, with annualsummary dat for 200 through2010.2

Figure 2: Average Balancing Energy Market Prices
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ERCOT averagedlancing energy market pricegre16 percenthigherin 2010 than in 200,
with an ERCO¥Twide loadweighted average price 08%.40per MWh in 200 compared to

2 The loadweighted average prices are calculated by weighting the balancing energy price for each interval

and each zone by the total zonal load in that interval. For this evaluation, balancing energyeplices ar
weighted since this is the most representative of what loads are likely to pay (assuming that balancing
energy prices are, on average, generally consistent with bilateral contract prices).
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$34.03per MWh in 20@. Februaryand Augusexperienced the highest balancing energy
market pricancreasesn 2010, averagin@g3 percenthigherthanthe prices in the same months
in 2000. Higher prices in February can be explained by colder weather in 2010 compared to
2009, leading to &9 percentincrease in energy consumption. Weather also explains the
increase in prices during August, when extended hot, dry weather reaukbedrd system peak
demands. The change evident in June is due tertbebeing theextended period dflorth to

Southzonal congestion experienced in 2009.

Natural gas pricencreasd 16 percentin 2010, averagingb4.34per MMBtu in 2A.0 compared
to $3.74per MMBtu in 20®. Hence, the changes in energy prices from9206@2010 were

largely a functiorof natural @s price movements.

To provide additional perspective on the outcomes in the ERCOT market, our next analysis
compares the alh price metrics for ERCOT and other electricity markets. The following figure
compares the alh prices in ERCOT with other cagized electricity markets in the U.S.:
California ISO, New York ISO, ISO New England, PJand Midwest ISO

Figure 3: Comparison of All-in Prices across Markets
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For each region, the figure reports the average cost (per MWh of load) for energy, ancillary
services (reserves and regulation), capacity maketpplicable), and uplift for economically
out-of-merit resourcesFigure3 shows that energy prices increaséghtly in wholesale
electricitymarkets across the U.S. in 201AIlthough there are regional differences in prices

across the country, the annual pattegfrchange in price is consistent across all markets.

Figure4 presents price duration curves for EHlRCOTbalancing energy market @ach year
from 2007 to 201Q A price duration curve indicates the number of h¢sh®wn on the
horizontal axisthat the price is at or above a certain l€gbbwn on the vertical axis)The

prices in this figure are hourly loagieighted average prices for the ERCOT balancingggner

market®
Figure 4. ERCOT Price Duration Curve
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Balancing energy prices exceeded $80 MWhfor 889hoursin 2010. In both 2007 and 2008,
the lalancing energy pricesxceede®50 per MWh in more than,d00 hours.Theseyearto-

ERCOT switched to a nodal market on December 1, 201@.DHtember nodal prices are also included in
the price duration curve. The report uses hourly-@attjhted zonal price for the zonal market and nodal
hourly loadweighted settlement point price for the nodal market.
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year changegeflectlower natural gagpricesin 200 and 201Ghataffeciedelectricity prices

across aroad range of hours.

Figure 5. Zonal Price Duration Curves
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Figure5 showsthe hourly average price duration curve for each of the four ERCOT zones in
2010 andthat the Houston, North and South Zones had similar prices over the majority of hours.
The price duation curve for the West Zone is generally lower than all other zones, witB@¥er
hours when the average hourly price was less than Zéxese zonal price differences are

caused by transmission congestias discussed in more detail in Section IlI.

Other market factorthat affect balancing energyicesoccur ina subset oiintervals such as the
extreme demand conditions that occur during the surom&hen there is significant
transmission congestiorFigure4 showsthat there werdifferencesn balancing energy market
pricesbetween 200 and 2A.0 at the highest price level$-or example 20 experienced
considerably moreccasions wheprices exceededs300per MWh. To better observe theffect
of thehighestpriced hoursthefollowing analysis focuses on the frequency of price spikéise

balancing energy mark&tbm 2007 to 2010. Figure6 shows the average price and the number
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of price spikes in each montfor this analysisprice spikes are defined as intervals where the
loadweighted average Market Clearing Price of EndfiyCPED) in ERCOT is greatahan

18 MMBtu per MWh times the prevailing natural gas prid&rices at thitevel should exceed
the marginal costs of virtually all of tlee+-line generators in ERCOT.

Figure 6: Average BalancingEnergy Prices and Number of Price Spikes
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The number of price spike intervalaring 2010nvas91 per month an increase from the pér

month in 2009.Previously high frequencyf price spikes occurreahen there wasignificant
zonaltransmissiorcongestiot! In 201Q thehigh frequency of price spikesiringAugustcan

be explained byhe record higlpeak load conditionsm thatmonth. To measure the impact of

these price spikes on average price levels, the figure also shows the averageitprened w

without the price spike intervals. The top portions of the stacked bars show the impact of price
spikes on monthly average price levels. The impact grows with the freqoietheyprice

spikes, averagin$5.3Q $10.71 $4.67and $5.53er MWh duing 2007, 2008, 20® and 2@.0,
respectively Even though price spikes account for a small portion of the total intervals, they

See?2009 ERCOT SOM Report, Sectithand 2008 ERCOT SOM Report at-87.
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have a significant impact on overall price levels.

Although fuel price fluctuationarethe dominant factor driving electricipyices inthe ERCOT
wholesale markefuel prices alone do not explain all of {lvéce outcomesSeveral other

factors provided a meaningful contribution to price outcomes in 2010. These factors include

(1) changes in peak demand and average energy consumption levels, as discussed in Section lI;
(2) the increased penetration of wind resources, as discussed in Seci{{@nthd effectiveness

of the scarcity pricing mechanism, as discussed in Sectiand(4) the competitive

performance of the wholesale market, as discussed in Sectichndlyses in the next

subsection adjust for natural gas price fluctuations to better highlight variati@hsctricity

prices not related to fuel costs.

2. Balancing Energy PricesAdjusted for Fuel Price Changes

The pricingpatterns shown in the prior ssdxtion are driven to a large extent by changes in fuel
prices, natural gas prices in particular. However, prices are influenced by a number of other
factors as well.To clearly identify changes in electricity prices that are not driven by changes in
natural gagrices,Figure7 andFigure8 show lalancing energy pricesldjusted to remove the
effect ofnatural gas price fluctuations. Thistchartshows a duration curve where the

balancing energy price is replacedthg marginal heat rate that would be implied if natural gas
wasalways on the margin The second chart shows the same duration curves for the five
percent of hours in each yeaith the highest implied heat rat8oth figures showduration

curvesfor the implied marginal heat rafer 2007 to 2Q10.

In contrast td-igure4, Figure7 shows that themplied marginal heat rategere relatively
consistent across the majority of hours fr@@7 to 2010. Theincreasan energyprices from

2009 to 2010is not evidenin the vast majority of hounshenthe effect offuel price changeis
removed which confirms that the increase in prices in most hours is primarily due to the rise in

natural gas prices.

Thelmplied Marginal Heat Ratequals théBalancing Energy Pricéivided by theNatural Gas Price
This methodology implicitly assumes that electricity prices move in direct proportion to changes in natural
gasprices.
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Figure 7: Implied Marginal Heat Rate Duration Curve i All hours
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However, the price differences that wepgparent frontigure4 in the highespriced hours

persist even after the adjustment for natural gas priegsire8 shows the implied marginal heat
rates for the top five percent of hours in 2007 through 2010 and highlights the small increase in
the number of hours with an implied marginal heat rate greater than 30 MMBtu per MWh in
2010 compared to the othggars. There were 170 hours during 2010 when the implied heat rate
was greater than 30 MMBtu per MWh, compared to 103, 145, and 146 in 2007, 2008, and 2009
respectively.This indicates thahere are pricdifferenceghatare due to factors other than
changes in natural gas prices.
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Figure 8: Implied Marginal Heat Rate Duration Curve i Top five percentof hours
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The number of hours when the implied heat rate was greater than 30 MMBtu per MWh in 2008
is primarily attributable to chroaiand severe congestion on the North to Houston and North to
South constraints in April through June 2008. In contrast, although a portion of the 146 hours
with an implied heat rate greater than 30 MMBtu per MWh in 2009 is associated with significant
congestion on the North to South constraint in late June 2009, many of these hours in 2009 are
associated with the implementation of PRR 776 that increased the frequency of the deployment
of off-line, quick start gas turbines in the balancing energy maagdiscussed in Section. Il
Thechanges brought about by PRR €ofitinued under the zonal market in 204:0d were

combined with increasgatocurements of offine, quick start capacity.

To betterllustratethese differenceshé next figure shows theplied marginal heat ratem a

monthly basis in each of the ERCOT zome200 and2010, with annualaverage heat ratiata
for 2007 through2010. This figure is the fuel pricadjusted version dfigure2 in the prior sub
section. Adjusting for gas price influencdsigure9 shows thathe anmial, systerrwide average

implied heat ratdas remained constant for the past three yéisaverage annuainplied
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heat rates observed at the zonal level can be attributkd tmntinued significant congestion

related to wind generation exports from the West zone.

Figure 9: Monthly Averagelmplied Heat Rates
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The monthly average implied heat rates in 201@arerally consistent with009 with notable
exceptions irFebruaryJune Julyand August.As described previously, higher heat rates in
February can be explained by colder weather in 2010 compared to 2009. Extended hot, dry
weather resulted in record system peak demands in August, leading to higher implied heat rates.
The change evident bune is due to there not being the extended peribtbth to Souttzonal
congestion experienced in 2009.

3. Price Convergence

One indicator of market performance is the extent to which forward antmeapot prices
converge over timeUnderERCOT0 zonal market desigritherewasno centralized daghead
market so prices are formed in the ddnead bilateral contract market. The {tgale spot prices

are formed in the balancing energy market. Forward prices will converge witintegirices
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when two main conditions are in place: a) there are low barriers to shifting purchases and sales
between the forward and rehe markets; and b) sufficient information is available to market
participants to allow them to develop accurate expectations oéfrgaftime prices. When

these conditions are met, market participants can be expected to arbitrage predictable differences
between forward prices and reéahe spot prices by increasing net purchases in the {pviezd

market and increasing net saleshia highefpriced market.These actionwiill tend to improve

the convergence of forward and réiahe prices.

Thesetwo conditions are largely satisfied in ERC®$ znanked Relaxed balanced

schedules alload QSEs to increase and decrease their purchases in the balancing energy market
erablingthemto arbitrage forward and retime energy prices. While this should result in better
price convergence, it should al siemweadaasee QSESs
their energy purchases in the lowerced market.However volatility in balancing energy
pricescancreate risk thataffect convergence between forward prices and balancing energy

prices. For example, riskaversebuyess arewilling to pay a premium to purchase energy in the

bilateral markethereby locking in their energy costs and avoiding the more volatile casis of

balancing energy market.

In this sectionwe evaluate thgrice convergencéetween forward and reime markets To
determine whether there aignificantdifferences between forward and r&iate prices, we
examinethe difference between the average forward price and the average balancing energy
price ineachmonthbetweer?007 and2010.° This analysisrevealswhether persistent and
predictable differences exist between forward andtmeed prices, which participants should

arbitrage over the lontgrm.

To measure the sheteérm deviations between rei@ine and forward prices, we also calculate the
average oftte absolute value of the difference between the forward antimeaprice on a daily
basis during peak hourst is calculatedy taking the absolute value of the difference betwaden

theaveragealaly peak period price from the balancing energy mafket the average of the 16

Day-ahead bilateral prices as reportedMggawatt Dailyare used to represent forward pricésor 2007,
we use the ERCOT Sellerdéds Choice product. For 200¢
Houston Zone products.
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peak hours during weekdays) and b) the-alagad peak hour bilateral pricEhis measure
captureghe volatility of the daily price differences, which may be large even if the forward and
balancing energy prices are the sameverage. For instance, if forward prices are $70 per

MWh on two consecutive days while reahe prices are $40 per MWh and $100 per MWh on

the two days, the price difference between the forward market and temeaharket would be

$30 per MWh on bth days, while the difference in average prices would be $0 per MWh. These

two statistics are shown Figure10 for each monttbetweer?2007 and2010.

Figure 10: Convergence letween Forward and RealTime Energy Prices
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Figure10shows price convergendering peak periods.€., weekdays between&AM and

10PM). Day-ahead prices averagedZper MWh in 2A.0 compared to an average af(per

MWh for reattime prices.The dayahead and redime pricesexhibitrelatively goodaverage
convergence in M with an average absolute difference being $12.25, almost the same as the

level in 2009, where the average absolute difference was $12.37.

One of the fundament al i mprovements brought

market design is the estafiment of acentralized dayahead marketAs apreliminaryreview
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oft he per f or man c eayahéad mlrReCv2 Evialsaterihe priceddifferences

between dayahead and redime for the month of December 2016igure 11 shows the both the
average and absolute price differences between the two markets for thedgraphidoad

zones. Although one month of data is insufficient to reach conclusions on tgedom

performance, these datalicate a positive outlook regarding tb@envergencef dayahead and
reattime energy prices in the nodal market, with the-dlagad prices indicating a slight

premium over realime prices, on average, which is consisteth expectations Also notable

is the difference in the west zone data compared to the other regions, which is likely associated
with theuncertaintyin forecasting wind generatiayutputand resulting price levelsetween
day-aheadand reattime.

Figure 11: Day-Ahead and RealTime Pricesfor December
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4. Volume of Energy Traded in the Balancing Energy Market

The primary purpose of the balancing energy markietnsatch supply and demand in reahe
and to manage zonal congestidn additionto fulfilling this purpose, the balancing energy
market signalshe value of power for market participants entering into &dicontracts and
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plays a role in governing retime dispatch. This section examsnie volume of activity in the

balancing energy market.

Theaveragga mount of energy traded in ERCOTOG6s bal an
overall energy consumptipalthough the balancing energy market can at times represent well

over ten peraat of total demand Most energy is purchased and sold through forward contracts

that insulate participants from volatile spot prices. Because forward contracting does not

precisely match generation with reahe load, there will be residual amounts nésgy bought

and sold in the balancing energy market. Moreover, the balancing energy market enables market
participants to make efficient changes from their forward positions, such as replacing relatively

expensive generation with lowpriced energy fronthe balancing energy market.

Hence, the balancing energy market will improve the economic efficiency of the dispatch of
generation to the extent that market participants make their resources available in the balancing
energy market. In the limit, if bhvailable resources were offered competitively in the balancing
energy market (to balance up or down), pricels R C O Turent market would be identical to
prices obtained bglearing all power through a centralized spot mametn though most of the
commodity currently settles bilaterally. It is rational for suppliers to offer resources in the
balancing energy market even when they are fully contracted bilaterally becauseathieg

able toincrease their profit by reducing the outfraim their resourcesand support the bilateral

sale with balancing energy purchas&sereforethe balancing energy market should govern the
output of all resources, even though only a small portion of the energy is settled through the

balancing energy market.

In addition to their role in governing reéime dispatch, balancing energy prices also provide a
vital signal of the value of power for market participants entering into forward contracts. As
discussed above, the spot prices emerging from the balancing emamigst should directly

affect forward contract priceassuming that the market conditions and market rules allow the

two markets to converge efficiently.

This section summarizes the volume of activity in the balancing energy m&rgate12 shows

the average quantities op balancing andlownbalancing energy sold by suppliers in each
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month, along with the net purchases or sales p balancing energy minudownbalancing
energy).

Figure 12. Average Quantities Cleared in the Balancing Energy Market
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Thetotal volume ofup balancing andlownbalancing energy as a share of actual emleased
from an average @.3percent in 209to 7.7 percent in 2Q0. Startingin August 2006, the
averagevolume ofdownbalancing energy began to increase 2008, for the first timethe
average amount afownbalancingenergy was greater thap balancing energy This trend
continued through 2. The netguantityof balancing energy for every morith2010 was
negative, meaninthatthe averagguantityof down balancing energy was greater tttes
guantity ofup balancing energyAs discussed in Section khis trend igelated tahelarge
increasan wind generation capacity added to the ERCOT regioce the fall of 200&nd the
associated scheduling patterns of these resources.

Figurel3 provides additional perspective to the monthly average net balancing energy

deployments shown iRigure12 by showing the net balancing energy deploymenteag level
for all intervals in 2Q0.
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Figure 13: 2010 Net Balancing Energy by Load Level
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While Figure12 shows average net down balancing energy deploymentd.0) 2gurel13

shows that this relationship dgiite different when viewed as a function of the ERCOT system
demand.Figure13 shows average net down balancing deployments at load levels less than
50 GW, and aveage net up balancing deployments for load levels greatebh@w. Relaxed
balanced schedules allow market participants to intentionally schedule more or less than their
anticipated load, bugyg or seling in the balancing energy market to satisfy tlaeitual load
obligations. Thischeduling flexibility allowghe balancing energy market to operata
centralized energy spot markeilthough convergence between forward prices and spot prices
has not been good on a consistent basis, the centrafin@e@ of théalancing energgnarket

facilitates participatiom the spot market and improves the efficiency of the market results.

Aside from the introduction of relaxed balanced schedules, another feasamificant
balancing energy quantitiesthat large quantities afp balancing andlownbalancing energy
areoftendepl oyed si multaneously to clear fioverl apj

of overlapping offers improves efficiency because it displaces higistrenergy with lower
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costenergy, lowering the overall costs of serving load and allowing the balancing energy price to

more accurately reflect the marginal value of energy.

Large quantities of netp balancing or nelownbalancing energy indicates that Qualified
Scheduling Enties (QSES) are systematically ungeheduling or oveschedulindoad relative

to reattime needs. If large hourly undscheduling or ovescheduling occurs suddenly, the
balancing energy market can lack the ramping capakikty how quickly online generation

can increase or decrease its outpnt) sometimes the volume of energy offers necessary to
achieve an efficient outcome. In these cases, large net balancing energy purchases can lead to
transient price spikesThese occwwvhen capacity eststo supply the needbut is not available

within the 15minute timeframe of the balancing energy market. The remainder of this sub
section and the next section will examine in detail the patterns osolaeduling and under
scheduling that has occudren the ERCOT markeand the effects that these scheduling patterns

have had on balancing energy prices.

To provide a better indication of the frequency with which net purchases and sales of varying
guantities are made from the balancing energy mafiguiye 14 presents a distribution of the

hourly net balancing energy. The distribution is shown on an hourly basis rather than by interval
to minimize the effect ofteortterm ramp constraints and to highlight the market impact of
persistent undernd overscheduling.Eachof thebarsin Figure14 shows the portion of the
hoursduringthe yearwhen balancing energy purchases or sales were in the range shown on the
x-axis. For example, the figure shows that the quantity of net balancing energy traded was
between zero and positive 0.5 gigawaitts, (loads were undescheduled on average) in

approximately7 percent of the hours in 20.

Figurel4 showsthat the distribution of net balancing ege deployments i2010is verysimilar
to the distribution in 2009 Thedistributionis shifted well to the left of zeropeaninghatmore
downbalancingenergy was deploygthan up balancing energyhis observations consistent

with the data shown iRigurel12, and is discussed in more detail in Section Il
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Figure 14. Magnitude of Net Balancing Energy and Corresponding Price
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The lines plotted inFigure14 showthe average bat@ing energy prices corresponding to each

level of balancing energy volumés 20 and 2A0. In an efficiently functioning spot market,
there should be little relationship between the balancing energy prices and the net purchases or
sales. Instead, orshould expect that prices would be primarily determined by more

fundamental factors, such as actual load levels and fuel prices. However, thisléguse

indicates thtbalancing energy prices incresss net balancing energy volusiacrease This
relationship is explained in part by the fact that net balancing energy deployments tend to be
positively correlated with the level of demand as showFignrel3. However,as discussed in

our previous reportscheduling practices and ramping issuesjue to the zonal market

contribute significantly to the observed pattérn

’ See 200ERCOT SOM Report at 2028 for the most recent discussion.
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B. Ancillary Services Market

The primary ancillary services are up regulation, doggulation, responsive reseryasd non
spinning reservesMarket participants may se¢ichedule ancillary services or purchase their
required ancillary services through the ERCOT mark€&tss section reviews the results of the

ancillary services markein 2Q.0.

In general, the purpose msponsive and nespinningreserves is to protect the system against
unforeseen contgencies €.g, unplannedyenerator outagelad forecast errpmwind forecast
erron, rather than for meetingormalloadfluctuations ERCOT procures at least 2,300 MW of
responsive reserves to ensure adequate protection against the loss of the twgelaegatihg
units. Nonspinning reserves are procured as a me&arnsRCOT toincrease the supply of
energy in the balancingnergy markethroughsupplemental generator commitmenits the

zonal marketbalancing energy deployments that occur in theniiute timeframe and

regulation deployments that occur in theetond timeframe are the primary means for meeting
loadfluctuatiors across and within each 4binute interval One significant change under the
nodal market is that deployments of energy occur more frequently, typically every five minutes.
The more frequent deployment of energy means less regulation capadiyiied¢o meet load

fluctuations.

Our first analysis in this section provides a summary of the ancillary services prices over the past
four years. Figurel5 shows the monthly average ancillary services prices bet2@@&nand

2010. Average prices for each ancillary service are weighted by the quantities required in each
hour. Thisfigure shows thaancillary service capacity pricés 2010 were similar to those in

2009. Price movements in the ancillary services markatsbeprimarily attributed to the

variationsin energy prices that occurred over the same timeframe.
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Figure 15: Monthly Average Ancillary Service Prices
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Under thezonal marketancillary services markets are conducted prior to the balancing energy
market Thispracticerequires thaparticipants include their expectedlueof foregone sales in

the balancing energy market in their offers for responsive resergeggulation. Providers of
bothresponsive reserves and up regulation can incur such opportunity costs if they reduce the
output from economic units to make the capability available to provide these services. Likewise,
providers of down regulation cancr opportunity costs in redilme if they receive instructions

to reduce their output below the most profitatyperatingevel. Further, because generators

must be online to provide regulation and responsive reservesigtagreconomic risk during
low-price periods obperatinguneconomically at minimum output levels f@ving to operate

above minimum output levels if providirpwnregulation).

Figurel5 shows that averagdownregulation prices havgenerallybeen lower than prices for
upregulation service over the ldsur years, indicating that the opportunity costs were greater
for providers ofup regulation. Exceptions to this trendereobservedn September and

October2008, and during the past two winter seasdfigurel5also shows thabn average,
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the priceof up regulationis slightly higher than the price oésponsive reserves. Tligtcome

is consistent with expectationg\lthougha supplier incus opportunity costs to providether
servicethere are additional costs associated with providmgegulation. These additional

costs include the costs of frequently changespurceoutputlevels and the risk of having to

produce output when regulating at balancing energy prices that are esst t he uni t 6 s

production costs.

One way to evaluate the rationality of prices in the ancillary services markets is to compare the
prices for different services to determine whether they exhibit a pattern that is reasonable relative
to each othe Tablel compareghe average prices for responsive reserves angpioning

reserves over the pdsur years in those hours when ERCOT procured-spinning reserves.

Tablel shows that responsive reserves prices are higher on average thspinmong reserves
pricesduring hours when nespinning reserves were procurelt is reasonable that responsive
reserves prices would generally be higher since responsive reserves are a higher quality product
that muste delivered in 10 minutes from-tine resources while nespinning reserves muke

delivered in 30 minutes.

Table 1. Average Hourly Responsive Reserves and Né®pinning Reserves Prices
During Hours When Non-Spinning Reserves Were Procured

2007 2008 2009 2010

Non-Spin Reserve Price $6.07 $7.97 $3.08 $4.25
Responsive Reserve Price $16.74 $36.39 $9.68  $9.09

In contrast tdhe previous datthat showthe individual ancillary service capacity pricéggure
16 shows the monthly total ancillary service costs per MWh of ERCOT load amaséhage
balancing energprice for 200 through 2Q0.

8ERCOT began procuring nespinning reserves in every hour beginning in November 2008, primarily to address
the increasing uncertainty in net load associated with increasing levels of intergeéttenation resourcedNon-
spinning reserves were purchased in approximately 14 percent of hours ir20@Tcreased to 51 percent of the
hours in 2008.
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Figure 16: Ancillary Service Costs per MWh of Load
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Figurel16 shows thatotal ancillary serviceosts are generally correlated withlancing energy
pricemovementswhich, as previously discussed, are highly correlated with natural gas price
movements The average ancillary service cost per MWh of inadeasedo $1.26 per MWh in
2010 compared t&1.15per MWh in 20@, an increaseof 10 percent. Total ancillary service
costs were equal toBand 3.2percent of the loatveighted average energy price in 2@hd

2010, respectively.

Figurel7 plots the hourly reaime responsive reserves capability against the responsive

reserves priceduringthe peak afternoon houo$ 2 PM to 6 PM. The capability calculated for

this analysigeflects the actual energy output of each generating unit and the actual dispatch

point for LaaRs. Hence, units producing energy at their maximum capability will have no
available responsive reserves capabili@pnsistent with ERCOT rules, the resporsieserve

that can be provided by each generating unit
capability. The figure also shows the responsive reserves requiren2e800#MW in 2010to

show the amount of the surplus in each hour.
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Figure 17: Hourly Responsive Reserves Capability vs. Market Clearing Price

Afternoon Peak Hours
$200

$180 1 Responsive

Reserve ~
$160 1| Requirement ™~

$140

©“
=
N
o

$100

$80

Price ($ per MW)

$60

$40

$20

$0 ‘

Available Responsive Reserves (GV

In a well functioningmarket for responsive reserves, we would expect excess capacity to be
negatively corriated with the clearing pricesJnfortunately, he data in this figure indicate only

a weak negative correlatiamder the zonal markefAs in prior yearsthe frequency with which

price exceeds $20 p&W at times with significant excesasponsive reserve capability

availableis surprsing. In these hours the marginal costs of supplying responsive reserves should
be very low. These resultsontinue tareinforce the potential benefiisatshould result from

jointly optimizing the operating reserves and energy markets

One of the mst obvious improvements brought about by the nodal market implementation was
to the market for regulation reservda.the first month of the nodal market, the total cost of
regulating reserves decreased by $8ilion when compared to the costs in Detamof 2009.

The reduction iprimarily attributable to theombination of lessegulationcapacity procured
because of more frequeinte minuteenergy deploymenis the nodal market compared to

15 minutes in the zonal market
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Il DEMAND AND RESOURCE ADEQUACY

The first sectiorof this report reviewed the market outcomes and provided analyses of a variety
of factors that have influenced the market outcomes. This section reviews and analyzes the load
patterns during 2I0D and the existing generating capacity available to satisfyoad and

operating reserve requirements.

A. ERCOT Loads in 2010

There are two important dimensions of load that should be evaluated separately. First, the
changes in overall load levels from year to year can be shown by tracking the changes in average
load levels. This metric will tend to capture changes in load over a large portion of the hours
during the year. Second, it is important to separately evaluate the changes in the load during the
highestdemand hours of the year. Significant changes isetipeak demand leveiave

historically been very important and played a major role in assessing the need for new resources.
The expectation in a regulated environment was that adequate resources would be acquired to
serve all firm load, and this expeatat remains in the competitive market. The expectation of
resource adequacy is based on the value of electric service to customers and the damage and
inconvenience to customers that can result from interruptions to that service. Additionally,
significantchanges in peak demand levels affect the probability and frequency of shortage
conditions {.e., conditions where firm load is served Ipoinimum operating reserveare not
maintainedl. Hence, both of these dimensions of load duiit0 are examined ithis

subsection and summarizedHigure18.

This figure shows peak load and average load in each of the ERCOT zones fifoim 20®.

In each zone, as in masdectrical systems, peak demand significantly exceeds average demand.
The North Zone is the largest zometh about38 percent of the total ERCOT loatljhe South

and Houston Zones are comparable (with aB@ytercentwhile the West Zones the smallst

(with about7 percent of the total ERCOT loadlrigure18 shows the annual necoincident

peak load for each zone. This is the highest load that occurrgghiti@ular zone for one hour
during the yearhowever, the peak can occur in different hours for different zones. As a result,

the sum of the nenoincident peaks for the zones was greater thaartheal ERCOT peak load

The Northeast Zone was integrated into the North Zone in 2007.
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Figure 18: Annual Load Statistics by Zone

30

Change in Real-Time Load (2009 to 2010)
Peak Average
ERCOT 3.7% 3.5%
25 —{Houston -1.1% 2.9%
North 2.4% 3.4%
South 2.4% 1.0%
West 22.1% 18.7%

20

Annual Peak

Load (GW)
&

10 - Annual AverageL

2007| 2008| 2009| 2010

Houston

Overall, the ERCOTotal loadincreasedrom 308,278 GWh in 200&® 319,239 GWhan
increase 0B.5percent or an average of 1250 MW every ho@imilarly, the ERCOT
coincidentpeak demand increased from 63,400/ in 2009to 65,76 MW in 201Q an increase

of 3.7 percent.

To provide a more detailed analysis of load at the hourly IEigulre 19 compares load duration
curves foreach year fron2007 to 2010. A load duration curve shows the number of hours
(shown on théaorizontalaxis) that load exceeds a particular level (showrhenértical axis).
ERCOT has a fairly smooth load duration curve, typical of most electricity mankgtdow to
moderate electricity demaral most hoursandpeak demand usually occurring during ke

afternoon and early evening hours of days wibeptionally high temperatures.

As shown inFigure19, the load duration curve for 20is higher than in 2009 and is consistent
with the badincrease of 3.5 peeatfrom 20M® to 2Q10.
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Figure 19: ERCOT Load Duration Curve i All hours
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Figure 20: ERCOT Load Duration Curve 1 Top five percentof hours
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To betteiillustratethe differences in the highedemand periods between yedfigure20 shows
the load duration curve for thie percent of hours with the highest loadsis figure also

shows that the peak load in each yisaignificantlygreater than the load at the"98ercentile

of hourly load. From 2007 to 201,ahe peak load valugveraged 2@ercent greater than the
load at the95" percentile. Thse load characteristizaply that a substantial amount of capacity

T over 10 GW is needed to supply energy in less than 5 percent of the hours.

Increasing levels of wind resourceERCOT also has important impditonsfor the net load
duration curve faced by the navind fleet of resources. Net load is defined as the system load
minus wind productionFigure21 shows the net loaduration curves for 2007 throughZ20)

with projected values for 2015 based on ERCOT data from its Competitive Renewable Energy

Zones assessment.

Figure 21: Net Load Duration Curves
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Over 90percent of the wind resources in thREOT region are located in West Texas, and the
wind profiles in this area are such that most of the wind production occurs durpegfhours

or other times of relatively low system demand. This profile results in only modest reductions of
the net loadelative to the actual load during the hours of highest demand, but much more
significant reductions in the net load relative to the actual load in the other hours of the year.
The projection for 2015 indicates that the trend shown from 2007 to 2Fi§ure21is

expected to continue and amplify with the addition of significant new wind resources and the

reduction in the curtailment of existing wind resouraier completion of new transmission

facilities.
Figure 22: Top and Bottom Ten Percentof Net Load
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Focusing on the left side of the net load duration cehavn inFigure22, the average
difference between peak net load and the @& centile of net load was 11GW in 2007 to
2010, but this differential is projected to increase to over 15 GW by 2015. Witldaio@al
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capacity requirement of more than 9 GW to meet the I#v&ent reserve margin requirement,
this means that over 24 GW of naind capacity will be required to exist on the system with an

expectation of operatingss tharfive percent of the has in a year.

On the right side of the net load duration curve, the minimum net load was 17 2289 @and
201Q but is projected toontinue todecrease to less than 11 GW by 20These decreasing
minimum load levels are expected to put operatioredgure on the nearly 25 GW of nuclear

and coal fuel generation currently installed in ERCOT.

Thus, although the peak net load and reserve margin requirements are projected to continue to
increase and create an increasing need foiwind capacity to meetet load and reliability
requirements, the newind fleet is expected to operate for fewer hours as wind penetration
continues to increase. This outlook further reinforces the importance of efficient energy pricing
during peak demand conditions and offiv@es of system streggarticularlywithin the context

of the ERCOT energgnly market design.

B. Generation Capacity in ERCOT

In this section we evaluate the generation mix in ERCOT. With the exception of the wind
resources in the West Zone and the rarctesources in the North aklbustonZones, the mix of
generating capacity is relatively uniform in ERCCHigure23 shows thenstalledgenerating

capacity by type in each of the ERCOT zanes

The distribution of capacity among the ERCOT zones is similar to the distribution of demand
with the exception of the large amount of wind capacity in the West Zone. The North Zone
accounts for approximateB8 percent of capacity, the South Zoriegercent, the Houston Zone

21 percent, and the West Zothb percent. The Houstafonetypically importspower, while the
West and North Zones typically export power. Excluding mothballed resources and including
only 8.7 percent of wind capacity as capacity available to reliably meet peak demand, the North
Zone accounts for approximatel@ gercent of capacity, the South Zoregercent, the Houston

Zone22 percent, and the West Zofgercent.
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Figure 23. Installed Capacity by Technology for each Zone
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units increasing their percentage shares, vaaleeral less efficient naturgas fueled units wer
mothballed or retiredEvenafterthese changesatural gas generation accosiar

approximatelyb0 percent of the installed capacity in ERCOT

The shiftingcontribution ofcoal and wind generation is evidentHigure24, which shows the
percent of annual generation from each fuel type for the years 2007 through 2010. In 2010 the
percentage of generation produced by coal units increased frper@hto 40percent Wind
geneation provided $ercentof the annual generation requirement in 2010, up frgrar8entin

2007. Dumgthe same period the percentage of gation provided by natural gas decreased

from 45percentto 38percent
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Figure 24: Annual Generation Mix
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While ERCOT has coal/lignite and nuclear plants that operate primarily as base load units, its
reliance on natural gas resources makes it vulnerable to natural gas price spikes. There is
approximately25 GW of coal and nuclear generation in ERCOT. Beeahsre are few hours
when ERCOT loads at this low levelnatural gas resources will be dispatched and set the
balancing energy spot price in most houtdthough coalfired and nuclear unitsombinedo
producemore tharhalf of the energy in ERCOT, ¢ly have historicallyplayeda much less
significant role in setting spot electricity priceddowever, with theecent additions of new coal
generation combined witkignificant increases in wind capagcitith its lower marginal
production cost than coahd lignite, the frequency at which coal and lignite are the marginal
units in ERCOT is expected to increase in the future, particularly during tpeaitfhours in the
spring and fall, and even moas additional transmission capacity is added that will
accommodate increased levels of wind production in the West Zone.
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Figure25 andFigure26 show the marginal fuel frequency for the Houston and West Zones,
respetively, for each month from 2007 through1®0° The marginal fuel frequency is the
percentage of hours that a generation fuel type is marginal and setting the price at a particular
location.

Figure 25: Marginal Fuel Frequency (Houston Zone)
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As shown inFigure25, the frequency at which coal was the price setting fuel for the Houston
Zone experienced a significant and sustdiincrease beginning in September 2008. This
increase can be attributed to (1) increased wind resource production; (2) a slight reduction in
demand in 2009 due to the economic downturn; and (3) periods when natural gas prices were
very low thereby makigcoal and combinedycle natural gas resources competitive from an
economic dispatch standpoint. As significant additional wind, coal and potentially nuclear
resources are added to the ERCOT region and transmission constraints that limit existing wind
production are alleviated, it is likely that the frequency of coal as the marginal fuel will increase

in coming years

10 The marginal fuel frequendpr the North and South Zones are very similar to the Houston Zone.
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Figure26 shows that the frequency at which coal was the price setting fuel for the West Zone
also experienced a significant and sustained increase beginning in September 2008. This figure
also showshat beginning in late 2007 the frequency at which wind was the price setting fuel for
the West Zone increased dramatically. This increase is attributable to the growth in installed
wind capacity that far exceed the load in the West Zone combined wstingXransmission

capability that limits the export capability from the West Zasediscussed in more detail in

Section Ill.

Figure 26: Marginal Fuel Frequency (West Zone)
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The average profile of West Zone wind production is negatively correlated with the load profile,
with the highest wind production occurring during fseammer months, and predominately
during offpeak hours.Figure27 shows the average West Zone wind production for each month

in 2010, with the average production in each month shown separately in four hourblocks.

Figure27 shows actual wind production, which was affected by curtailments at the higher production
levels. Thus, the higher levels of actual wind productidrigure27 are lower than the production levels
that would have materialized absent transmission constraints.
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Figure 27: Average West Zone Whd Production
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Figure28 shows the wind production and local and zonal curtailment quantities for the West
Zone for each month of 2009 and 2010. This figure revigal the quantity of zonal

curtailments for wind resources in the West Zone was increased fro@Wh2an 2009 to over

785 GWh in 2010, while the quantity of local curtailments decreased from over 3,400 GWh in
2009 to 1,068 GWh in 2010.
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Figure 28 West Zone Wind Production and Curtailment
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1. Generation Outages and Deratings
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Figure23in theprior subsection showhbat installed capacitig approximately 8 GW including
mothballed units and windnits at nameplateapacity, and approximatel2 GW excluding
mothballed capacity and including orthe 8.7 percent of wind capaciassumed to be

dependably available during peak loaddence, thenstalled capacitgxceedshe capacity

required to meednnual peak load plus ancillary services requiremardg GW. This might
suggesthat the adequacy of resources is not a corfoefBRCOT in the neaterm However,
resource adequacy must beleased in light of the resources that are actually available on a
daily basis to satisfy the energy and operating reserve requirements in ERCOT. A substantial
portion of the installed capability is frequently unavailable due to generator deratings. A
derating is the difference betwedime maximuminstalled capabilityf a generating resouresd
itsactualc apabi |l ity (or A Ganeratormayhe fullyrderaed @ating equalsh o u r .
0) due to a forced or planned outageis alsovery commorfor generaing capacityto be

partially deratedd.g, by 5 to 10 percent) because the resource cannot achieve its installed
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capability level due to technical or environmental facterg,(component equipment failures or

ambient temperature conditions).

In this subsection, we evaluate letggm and shorterm deratings to inform our evaluation of
ERCOT capacity levelsFigure29 shows a breakdown of total installeapability for ERCOT

on a daily basis during 20. This analysis includes all-service and switchable capacity. The
capacity in this analysis is separated into five categories: (atéongoutages and deratings,
(b) shortterm planned outages;) (short-term forced outagesd) other shorterm deratings, and

(e) available and iservice capability.

Figure 29: Short and Long-Term Deratings of Installed Capability*
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* Includes all outages and deratings lasting greater@dadays and all mothballed units.
* Switchable capacity is included under installed capacity in this figure.

Figure29 shows that longerm outages anotherderatings fluctuatedetweeril3 and 24 GW
These outages amtdratings reduce the effective resource margins in ERCOT from the levels
reported aboveA large component of thié o t dematmgse is associated wittimited wind
resources resulting igenerating resources that are not capable of producing up to the full
installed capabilityOther causesf these deratings reflect:
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o Cogeneration resourcesavailable to serve market load because they are being used to
serve sellserve load;

e Resources ouf-service for economic reasoresq, mothballed units)or

e Resources outf-service for extended periods due to maintenance requirements

With regard teshortterm deratings and outages, the patterns of planned outages and forced
outages were consistent with expectations:

e Forced outages occurred randomly over the year and the forced outage rates were
relatively low (although all forced outages may notdygorted to ERCOT).

e Planned outages were relatively large in the spring and fall and extremely small during
the summer.

The increase ithe annual average of daily available capaait§010 from 2009 was

approximately the same as the average dadlgt lacrease.

The next analysis focuses specifically on the stesrhforcedoutages andther shorterm
deratings.Figure30 shows the average magnitude of the gesaand deratings lasting less than

60 days for the year and for each month durint020

Figure 30: Short-Term Outages and Deratings*
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* Excludes all outages and deratings lasting greater than 60 days and all mothballed units.
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Figure30 shows thatotal shortterm deratings and outages were as large gettent of

installed capacity in the sprirand fall| droppingto as low as 1 percentfor the summer. Most

of this fluctuation was due to anticipated planned outages, which rénoge8 to 15 percent of
installed capacity duringpring and fall Shortterm forced outages occurred more randomly, as
would beexpected, ranging betweeneandthreepercent of total capacity on a monthly
average basis during 20 These rates are relatively low in comparison to other operating
marketsfor two reasonsFirst, ths measure of outag@scludes only full outagesi(e., where the

r e s o u ting eqdiads zera. In contrasther markets frequently rep@m equivalent forced
outage rate, which includes both full and partial outages. Hence, the forced outage rate shown in
Figure30is expected to be lower than equivalent forced outage mepested forother markets.
Secondpecause forced outage information issefjorted by generatorse arenot confident
thattheavailabledataincludesall forcedoutages that actually occurred

The largest category of shdrte r m der at i ngs wahatodcur fer afavigtyioe r der
reasons.The other deratingsould include any shotterm forced or planned outage that was not

reported or correctly logged by ERCOT. This category also includes deratings due to ambient
temperatureonditions cogeneratiomises, wind deratings due teariablewind conditionsand

other factors described abovieurthermore, suppliers may delay maintenance on components

such as boiler tubes, resulting in reduced capabiBgcause these deratings can fluctuate day to
dayorbyseason, some of the deita@atrimmgatamgesi maldude
category while others are included in this category. The other deratings were approximately

10 percent on average during the summer ib@4hd as high as2lpercent in other months.

These outag@atternsareanalyzed in mar detail in Section IV of this report

2. Daily Generator Commitments

One of the important characteristics of any electricity market is the extent to which it results in
the efficient commitment of generating resources. Ugdarmitment can cause apparent
shortages in reaime and inefficiently high energy prices while oa@mmitment can result in

excessive staip costs, uplift charges, and inefficienlby energy prices.
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This subsection evaluates the commitment patterns in ERCOT by examining thefexelsss
capacity. Excess capacity is defined as the total online capacity plusstaitkunits minus the
demand for energyesponsive reseryep regulatiorand norspinning reserve provided from
online capacity or quicktart units To evaluatelte commitment of resources in ERC@Igure

31 plots the excess capacity in ERCOT durin@@0The figure shows the excess capacity in
only the peak hour of easteelday becausthelargest generation commitment usually occurs at
the peak hour Hence, one would expect larger quantities of excess capacity in other hours.

Figure 31: Excess OnLine and Quick Start Capacity
During Weekday Daily Peaks
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Figure31shows that the excess-line capacityduring daily peakours on weekdays averaged
3,246 MW in 2010, which is approximatel$.9 percent of thegerage load in ERCOTThis is a
decreaseof more thaml00 MW from theprior year The overaltrend in excess eline capacity

in recent yearsdicates anovement towardhore efficient unit commitment across the ERCOT

market howeverthezonalmarket structure is still based primarily upon a decentralized unit

12 For the pur poses -sotfa rtthdi sshpfeaycelghessibises thattequalified ko
provide balancing energy
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commitment process wherebgch participant makes independent gatoercommitment

decisions thaare not likely to be optimalFurther contributing to the suboptimal results of the
current unit commitment process is that the decentralized unit commitment is comprised of non
binding resource pl ans t khahead pfamningdedisionrs basi s
However these notbinding plans can be modified by markeirticipants after ERCT 6 s- d ay
ahead planning process has concluckagsing ERCOT to take additional actions that may be
more costly and less efficientWe expecthe introduction of a daghead energy market wigh
financially binding,centralizedunit commitment under the i@l market desigto result in

substantial efficiency improvements in the commitment of generating resources.

C. Demand Response Capability

Demand response is a term that broadly refers to actions that can be taken by end users of
electricity to reduce kad in response to instructions from ERCOT or in response to certain
marketor systenconditions. TheERCOT market allows participants with demaedponse
capability to provideenergyandreserves in a manner similar to a generating resource. The
ERCOT Protocols allow for loads &mtivelyparticipate in the ERCOT administered markets as
Loads acting as. Rédtomlyrloads may (pdrticigate Bassivgly in the

market by snply adjusting consumption mesponse to observed prices. Unlike active
participation in ERCOT administered markets, passive demand response is not directly tracked
by ERCOT.

ERCOT allowgqualified LaaRs to offer responsive resenaeginornspinning resrves into the
day-ahead ancillary services market3ualified LaaRsan also offer blocks of energy in the
balancing energy market. LaaRs providing up balancing energy must have telemetry and must
be capable of responding to ERCOT energy dispatch at&tng in a manner comparable to
generation resources. Those providing responsive reserves must have high setquelecy
relay (AUFRO) equi pment . A | oad with UFR

frequency falls below 59.Mz, which will typically occur only a few times in each year.

As of DecembeR010, over2,200MW of capability were qualified as LaaR$hese resources
regularly providedeservesn the responsive reserves market, but never participated in the

balancing energy markatd only a very small portion participatedtire nonspinning reserves
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market. Figure32 shows theamount of responsive reserves provided from LaaRs on a daily
basisin 2010.

Figure 32. Provision of Responsive Reserves by LaaRs
Daily Average
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The high level of participation by demand respangé@e ancillary service markesets ERCOT
apart from other operating electricity markelsgure32 shows that the amount offers by
LaaRs to provideesponsive reservesutinely exceed$,150 MW. For reliability reasons,
1,150 MW isthe maximum amourdf responsive reserves that can be reliably provied
LaaRs Notable &ceptimsincludea decrease in September of 2008 corresponding fbetkees
landfall of Hurricane lke and more prolongedeductionfrom November 200&hrough January
2009thatwas likely a product athe economic downturn and it§ext on industrial operations

Another seasonal reduction was observed during late 2009.

Although LaaRs are active participants in the responsive reserves market, they did natiooffer in
the balanaig energyregulation or nonspinning reserveervices markets 2010. Thislack of

participationis not surprising because the value of curtailed load tendsverphigh, and
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providing responsive reservefferssubstantial revenue with very litigobability of being
deployed. In contrast, providing nepinning reserves introduces a much higher probability of
being curtailed. Participation in the regulation services market requires technical abilities that
mostLaaRs cannot meet at this point.

D. Net Revenue Analysis

Net revenue is defined as the total revenue that can be earned by a generating unit less its
variable production costs. Hence, it is the revenue in excess cfshaperating costs and is
avail abl e t o r ec pitalecosts.aNeturaventes feom the eneagyl areittad) ¢ a
servicesmarkets together provide the economic signalsitfiaems u ppl i er sé deci si o
in new generation or retire existing generation. In a-kmmgequilibrium, markets should
provide sifficient net revenue to allow an investor to brealen on an investment in a new
generating unit. In the shemin, if the net shortun revenues produced by the market are not
sufficient to justify entry, then one or more of three conditions exist:
. New capacity is not needed because there is sufficient generation already available;

. Load levels, and thus energy prices, are temporarhydue tomild weather or
economic conditionsor

e  Market rules are causing revenues to be reduced inefficiently.

Likewise, the opposite would be trudlie marketgrovide excessive net revenues in the short
run. The persistence of excessive net revenues in the presence of a capacity surplus is an
indication of competitive issues or market design flaws. In tlisose we analyze the net

revenues that would have been received by various types of generators in each zone.

Figure33 shows the results of the net revenue anafgsifour types of unitsn 2009 and2010.

These are: (a) a gas combirmgatle, (b) a combustion turbine, (c) a coal unit, and (d) a nuclear
unit. For the ga$ired technologies, net revenue is calculated by assuming the unit will produce
energy in anyour for which it is profitable and by assuming it will be available to sell reserves
and regulation in other hours that it is availalhke,(when it is noexperiencing @lanned or

forced outage). For coal and nuclear technologies, net revenueulsisdy assuming that the
unit will produce at full output. The energy net revenues are computed based on the balancing
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energy price in each hotit. Although most suppliers would receive the bulk of their revenues
through bilateral contracts, the spoicps produced in the balancing energy market should drive

the bilateral energy prices over tiraed are appropriate to use for this evaluation

Figure 33: Estimated Net Revenue
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For purposes of this analysis, we assume héad cd 7MM Btu per MWh for a combined cycle
unit, 10.5MM Btu per MWh for a combustion turbine, and &M Btu per MWh for a new coal
unit. We assume variable operating and maintenance costpef $Wh for the gas units and
$5 per MWh for the coal unitWe assuméuel andvariableoperating and maintenancests of

$8 per MWh for the nuclear unit. For each technology, we assumed a total outage rate (planned
and forced) of 10 percent.

Some units, generally those in unique locations that are usesldive local transmission

constraints, also receive a substantial amount of revenue through uplift payireer@sitof-

13 The December 2010 net revenue calculation uses generation weighted settlement point prices. The generation
units are mapped into 2010 CSC zones.
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Merit Energy, Ouof-Merit Capacity, and Reliability Must Run payments). This source of
revenue is not considered in this analydibe analysis also includes simplifying assumptions
that can lead to overstimates of the profitability of operating in the wholesale market. The
following factors are not explicitly accounted for in the net revenue analysis: (iuptadsts,
which @an be significant; and (ii) minimum running times and ramp restriction, which can
prevent the natural gas generators from profiting during brief price spikes. Despite these
limitations, the net revenue analysis provides a useful summary of signalsestmewt in the
wholesale market.

Figure33 shows thathe net revenugenerally increaseith 2010 compared t@ach zonén 2000.
Based on our estimates of investmewsts for new units, the net revenue required to satisfy the
annual fixed costs (including capital carrying costs) of a new gas turbinengés fron$80to
$105per kWryear The estimated net revenue inlB@or a new gas turbineasapproximately

$45 perkW-year For a new combined cycle unit, the estimated net revenue requirement is
approximately$105 to $135 per k¥year. The estimated net revenue inl®dor a new

combined cycle unit was approximatel§0per kWryear These values indicate trthe

estimated net revenue in BDwaswell below the levels requirdd support new entry for a new

gas turbineor a combined cycle unih the ERCOT region

Prior to 2005 net revenues were well below the levels necessary to justify new investment in
coal and nuclear generation. However, high natural gas ghomsgh 200&llowed energy
prices to remain at levels high enouglsupport new entrfor these technologiesthe

production costs of coal and nuclear units did not change significantlylosgretriod, leading

to a dramatic rise in net revenuéhat view has now changed with the relatively lower natural
gas prices experienced in 2009 and 2086r a newcoalunit, the estimated net revenue
requirement is approximate$210to $270per kWtyear The estimated net revenue inl2dor

a newcoalunit was approximatelyl®5per kWtyear For a new nuclear unit, the estimated net
revenue requirement is approximat®280 to $390 per kWear The estimated net revenue in
2010for a new nuclearnit was approximatelyZ21per kWtyear These values indicate that the
estimated net revenue feithera newcoalor anuclearunitin ERCOTwaswell below the

levels requiredo support new entry in 2Q.
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Although estimated net revenue once again is below levels to support new investment, the nodal
market design will have an effect on the profitability of new resources. In a particular location,
nodal prices could be higher or lower than the prices isuhent market depending on the

pattern of congestion.

To provide additional context for the net revenue results presented in this section, we also
compared the net revenue faro types oihatural gadired technologies in the ERCOT market

with the netrevenue in other wholesale markefish centrally cleared capacity marketsigure

34 compares estimates of net revenue for the ERCOT North Pdivg, and two locabins

within the New York ISO. The figure includes estimates of net revenue from energy, reserves
and regulation, and capacity. ERCOT does not have a capacity market, and thus, does not have

any net revenue from capacity sales.

Figure 34: Comparison of Net Revenue of Gafired Generation between Markets
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The figure aboveshows thahet revenuesicreased from 2009 to 2016r both technologies in

all markets The onlyexceptiorwasgas peaking units in the NYISO Capital zpwlerenet
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revenuedeaeased sligtly. In the figure above, net revenues aatculated for central locations
However, there are load pockets within each market where net revenue and the cost of new
investment may be higher. Thus, even if new investment is not generally profitabieairket,

it may be economic in certain areas. Finally, resource investments are driven primarily by
forward price expectations, so historical net revenue analyses do not provide a complete picture

of the future pricing expectations that will spur newesinent.

E. Effectiveness of the Scarcity Pricing Mechanism

The Rublic Utility Commission offTe x a s ( fa@opt&lTube$ in 2006 that define the
parameters of an energyly market. These rules include a Scarcity Pricing Mechanism

( A S P M orélaxdd tha éxisting systemide offer cap bygradualy increagng it to $1,500 per

MWh on March 1, 2007, $2,250 per MWh on Madct2008, and to $3,000 per MVghortly

after the implementation of the nodal market. Additionally, market participants controlling less
than five percent of the capacity in ERCOT by definition do not possess market power under the
PUCT rules. Hence, these participants can submithighypriced offers that, per the PUCT

rule, will not be deemed to be an exercise of market power. However, because of the
competition faced by the small market participants, the quantity offered at such highi jifrices

anyi is very small.

PUCT SuBsT. R. 25.505provides that the IMM may conduct an annual review of the
effectiveness of the SPMIhis subsection provides an assessment céffieetiveness othe
SPMin 2010u n d e r E R C Odnly marketrsteuctugey

Unlike markets with a longerm capaity market where fixed capacity payments are made to
resources across the entire year regardless of the relationship of supply and demand, the
objective of the energgnly market design is to allow energy prices to rise significantly higher
during legitimate shortage conditionsg., when the available supply is insufficient to
simultaneously meet both energy ancshimumoperating reserve requirements) such that the
appropriate price signal is provided for demand response and new investment when required.
During nonshortage conditions.€., most of the time), the expectation of competitive energy

market outcomes is no different in enexyy than in capacity markets.
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Hence, in an energgnly market, expectati@aboutboth the magnitude of the energyce

during shortage conditions and the frequency of shortage conditienghatwill attract new
investment when required. In other words, the higher the price during shortage conditions, the
fewer shortage conditions that are required to provide tresiment signal, and vice versa.

While the magnitude of price expectations is determined by the PUCT emrdggmarket rules,

it remains an empirical question whether the frequency of shortage conditions over time will be
optimal such that the market algorium produces results that satisfy the reliability planning

requirementsife., the maintenance of a minimut.75percent planning reserve margin).

Figure 35. Peaker Net Margin
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The SPM includes a provisiontermedthe ak er Net Margin (APNMO) t h:
measure the annual net revenue of a hypothetical peaking unit. Under the rule, if the PNM for a

year reaches a cumulative total of $175,000 per MW, the systdenoffer cap is then reduced

to the higher of $80 per MWh or 50 times the daily gas price ind€igure35 shows the

cumulative PNM results for each year from 2007 through 20345 previously notedthe net

14 The proxy combustion turbine in the Peaker Net Margin calcula$sumes a heat rate of 10 MMBtu per
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revenue required to satisfy the annual fixed costs (including capital carrying costs) of a new gas
turbine unit is approximately8® to $105 per kWyear(i.e., $80,000 to $105,000 per My¢ar).

Thus, as shown iRigure35 and consistent with the previous findings in this section relating to
net revenue, the PNM reached the level sufficient for new entry irooelyf the last fouyears.

In 2008 the peaker net margand net revenue values rose substantially, surpassing the level
required to support new peaker entry. However, a significant portithre ofet revenue increase
in 2008was associated witkixtremelyinefficient transmission congestion management and
inefficient pricing mechanisms associated with the deployment obpming reserveS. Both

of theseassuesverecorrected in the zonal markandwerefurther improved with the
implementation of the nodal marketlate 2010. With these issues addresstt peaker net

margin dropped substantially in 2088d 2010

In our review of the effectiveness of the SRM2010improvementvas observed two aeas of
concernraised lastyedr 1 ) E R C @éfeddoaddosegasbiasand(2) appropriate energy
pricing duringthe deployment ofion-spiming reserves. However, we foutiet dependence
upon market participants to submit offers at or near the offetocapt bea reliablemeans of
producing scarcity pricing during shortage conditiander the zonaharket design

1. ERCOT Day-Ahead Load Forecast Error

ERCOT6 s z o n arcludes the dperdtion of a daghead Replacement Reserve Service
(ARPRS0) market that is designed to ensure th
meet reliability crieria for each hour of the following operating day. This includes an

assessment of the capacity necessary to meet forecast demand and operating reserve

requirements, as well as capacity requierksolve transmission constraints.

A key input tothe RPRSnarket is the dayhead load forecadeveloped by ERCQTIf the
day-ahead load forecast is significantly below actual load and no subsequent actions are taken,

ERCOT may run the risk @dhere not being enough generating capacity onbrmaeet reliabiliy

MWh and includes no other variable operating costs or startup costs.

15 See2008 ERCOT SOM Report at &T.
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criteria in realtime. In contrast, if the daghead load forecast is significantly hegghthan actual

load the outcome may be an inefficient commitment of excess online capacity-irmeal

Figure 36: Average DayAhead Load Forecast Error by Month and Hour Blocks
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Figure36 shows the dayahead load forecast error data for 2007 through 2010 with the average
megawatt error displayed for each month in four hour blocks (hours ending). This figure shows

a change opattern fronsignificantoverforecastingduring peak load houts much smaller
errorsin 2010.

Figure37 shows the average hourly dafiead load forecast error fine summer months of June
through September, and also for the months of January through May and October through
December for 2007 through 2@ In this figure, positive values indicate a e#ead load
forecast that was greater than the actuattiesd load. These data indicasemuch reduced
positive biagi.e., overforecast) in the daghead load forecast overost of the houskours in
2010 when compared to previous years.
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Figure 37: Average DayAhead Hourly Load Forecag Error by Season
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The 2010 ERCOT ancillary service procurement methodologies was mddifaelist the
ERCOT dayahead load forecast to account for the historically measured net load forecast bias,
and to compensate for this adjustment by increasinguhgtity of ron-spinning reserves
procured. The revised procedures went into effeciamuary2010and the effecis clearly

observablén the data shown iRigure37 when comparing 2010 to the three prior years

2. Improved energypricing during deployment of NonSpin

The following improvementeelated to the deployment and pricing of fgpinning reseng

wereimplemented in May 2008

e Eliminatethe previougex poste-pricing provisions to provide fax antepricing during
nonspinning reserve deployments, thereby providing more pricing certainty for resources
and loads and significantly reducing the piaibgy of ex postscarcity level prices during
nonscarcity conditions;

16 See Protocol Revision Request 776.
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e Allow quick start units providing nespinning reserves to offer in the balancing energy
market at a markeiased price reflecting the cost and risks of starting and deploying
these reources; and

e Reducehe probability of transitional shortages by providing more timely access to these
reserveshrough the balancing energy market instead of manual operator deployments.

With the increasedquantityof nonspinning reserves being procuiiead2010,theincreased
efficiencies in markebperations and pricing during the deployment of-spimning reserves

became even more important

Non-spinning reserves are comprised mostly oflioi natural gas fired combustion turbines

capable of starting in 30 minutes or less. Although the implementation of the nodal market has
significantly increased market efficiencies in a number of arealsiding the move to a five

minute rather than 15 minute energy dispatichinitial implementationackedan efficient

economic commitment mechanism for resources such as offline gas turbines and other resources
that are not immediately dispatchablehe five minute energy dispatchl'he current

mechanisms result jprices that araefficiently low because they aret representative of the

costs associated with starting and running the gas turbines that are being deployed to meet

demand.

As previosly recommendedh i s def i ciency in EROGIMéES nodal
addressed by implementiag additionaknergymarketii | o o k daspathfudctiorality to

produce a projected unit dispatch wéthergy and ancillary services-optimized’ This

additional functionality represents a major change to ERCOT systdmnth may not be able to

be implemented faseveralyears. However,because the market inefficiencies associated with

the current mechanisare significant, we recommend that an intesmtution be pursued that

can be implemented in the nearmthat will more reasonably reflect the marginal costs of the

actions being taken when ngpinning reserves are deployetd necessary to meet demand

3. Dependence on HigkPriced Offers by Market Participants

As a general principle, competitive and efficient market prices should be consistent with the

marginalcost of thema r gi n al action taken mIhthewsimndosty y t he

17 See Direct Testimony of David B. Patton, PUCT Docket No. 31540 at Bagtk
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of hours, the marginal cost of the marginal act®that associated with the dispatch of the last
generator required to meet demaridis appropriate and efficient in these hours for this
generator to fAiset the price. o However, this
system is in shortagthe demand for energy andnimumoperating reserves cannot be satisfied

with the available resources, which will cause the system operator to take one or more of the

following actions

e Sacrifice a portion of the operating reserves by dispatching theeméogy;
e Voluntarily curtail load through emergency demand response programs;
e Curtail exports or make emergency imports; or

¢ Involuntarily curtail load.

A market design that adheres to the pricing principles stated above will set prices that reflect
each ofthese actions. When the market is in shortage, the marginal action taken by the system
operator is generally to not satisfy operating reserves requirementgigpatcimg reserves for
energy). Diminished operating reserves results in diminished reliability, which has a real cost to
electricity consumersln this casethe value of the foregone reserveshich is much higher

than the marginal cost of the most expensive online genératmutl be reflected in energy

prices to achieve efficient economic signals governing investment in generation, demand

response and transmission.

Under the PUCT rules governing the eneogyy market, the mechanism that allows for such
pricing during shortage cditions relies upon the submissiohhigh-priced offers by small

market participants.
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Figure 38: Balancing Energy Market Prices during Shortage Intervals

$2,500
X2010
02009 > o0
$2,000 1| °20%8
42007
$1,500 oco sAAAA
=
S
=
&+
A
$1,000 RRRR
A
o Poe0e0 ‘“M'“A” T ) Number of 18minuteintervals peryear = 35,0
:pAAmAAAAAAAAMMMA
0 10 20 30 40 50 60 70 80 90 100

Number of 15-minute intervals

Figure38 shows the balancing market clearing prices duttied 5-minute shortage intervals
from 2007 through November 201The 66 shortage intervdigr the first eleven months of

2010 are significantly fewer than th@8and 103 shortage intervals that occurred in 2007 and
2008, respectivelyjput more than the 4ihtervals that occurred in 2009Although each of the
data points irFigure38 represents system conditions in which the market was in shortage, the
pricing outcomes are widely varied, with the majority of prices reflecting the marginal offer of
the most expensive gemadion resource dispatched as opposed to the value of foregone operating
reserves Had an offer been submitted that established the MCPE at the sy&teroffer cap in
each of the 66 shortage intervals of zonal market operations, the 2010 annual peakegine
would have increased from $52,491 to $79,000MW-year, an increase of over 50 percent.
The associated increase in the annual-lwadjhted average balancing energy price would have

been less significant, increasing fr&39.40 to $43.2perMWh, a 9.8percentincrease.

These results indicathat relyingexclusivelyupon the submission digh-priced offers by
market participantazas generally not a reliable means of produeifiigient scarcity prices
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during shortage conditionsn d e r E R C O Tri@ts In faab, altadugh tha systemide

offer capwas$2,250 per MWh, the was only one intervah 2010 whenan offer submitted by
a market participarget the clearing price at greater than $1000 per MRigure 39 shows the
highest balancing energy offer price submitted by all market participants in each hoi® of 20
(through Novemberyanked from lowest to highest.

Figure 39: HighestHourly Balancing Energy Offer Prices
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This figure shows that there were only 451 hours (5.6 percent) with an offer that exceeded
$1,000 per MWh, and the average of the high#fsts submitted by any market participant
across alhours in 2010 was $53t MWh.

More reliable and efficient shortage pricing could be achieved by establishing pricing rules that
automatically produce scarcity level prices wiogerating reservehortage exist. Such an
approach would be more reliable because it would not bendient upon the submission of
high-priced offers by small market participants to be effectitavould alsdbe more efficient

during the greater than 99 percent of time in which shortage conditions do not exist because it
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would not be necessary for matlparticipants to effectively withholdwer cost resources by

offeringrelatively small quantitieat prices dramatically higher than their marginal cost.

This type of mechanism is part of thedal market designAt times when there is insufficient
capacity available to meet both energy anshimumoperating reserve requirements, all

available capacity will be dispatched and the clearing price will rise in a predetermined manner
to a maximum of the systemide offer cap.During December 2010 there wdifteen

executions othesecurity constraed economic dispatch (SCED) algorittimatresulted in the
systemwide energy clearing price being set at the systede offer cap. Theskfteen SCED

intervals representddirty-two minutes spread ovéive settlement intervals.
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II. TRANSMISSION AND CONGESTION

One of the most important functions of any electricity market is to manage the flows of power
over the transmission network by limiting additional power flows over transmission facilities
when they reach their operating limitd.n d er ERCOT 6 sdesmgmcorsthaintsnan th& e t
transmission network are managed in two ways. First, ERCOT is made up of zones with the
constraints between the zones managed through the balancing energy market. The balancing
energy marketodelincreases energy productionane zone and reduces it in another zone to
manage the flows between the two zones when the interface constraint is,biadiwyen

there is interzonal congestion. Secaaltlpther constraints not defined as zonal constréias

local congestiondire managed through the redispatch of individual generating resoindas
section of the repoe reviewthe ERCOT transmission system usage and analyze the costs and

frequency of transmission congestion.

A. Electricity Flows between Zones

In 2010there weredur commercial pricing zones in ERCOT: (a) the North Zone, (b) the West

Zone, (c) the South Zonand(d) the Houston ZoneUnderERCOT0 s z o n a | mar ket de
operatorsuse he Schedul i ng, $RD yoftwarg b eaonamicdlydisppteht ¢ h (i
balancing energy in each zone to serve load and manage congestion between zones. The SPD
model embodies the market rules and requirements documented in the ERCOT protocols.

To manage interzonal congestion, SPD uses a simplifi@gbriemodel with dur zonebased

locations andive transmission interfaces. Thdsee transmission interfaces, referred to as
Commercially Significant Constraints (ACSCso0)
transmission elements. ERCOT operstase planning studies and réade information to set

limits for each CSC that are intended to utilize the total transfer capability of the CSC. In this
subsection of the report, we describe the SPD

between anes and analyze actual flows inl20

The SPDmodeluses zonal approximations to represent complex interactions between
generators, loads, and transmission elements. Because the model flows are based on zonal

approximations, the estimated flows can depignificantly from reatime physical flows.
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Estimated flows that diverge significantly from actual flows are an indication of inaccurate
congestion modeling leading to inefficient energy prices and other market costs. This subsection

analyzes the imma of SPD transmission flows and &braints on market outcomes.

Figure 40: Average SPDModeled Flows on Commercially Significant Constraints
During All Intervals in 2010

North
Zone

00 MW

South Houston
Zone Zone

Note: In the figure above, CSC flows are averaged taking the direction into acauohe arrow
shows the average flow for tNéestto-North CSC wass16 MW, which is equivalent to saying
that the average for tidorth-to-WestCSC wasegative516 MW.

Figure40 shows thdour ERCOT geographic zones as well asftie CSCs that interconnect
the zones: (a) the West to North interfa@g the South to North interface, (c) tNerthto South
interface, (d) the North to Houston interface, agdt{e North to West interface. A single arrow
is shown for the modeled flows of both the North to West and West to North&@®dkse South

Page58
































































































